INTRODUCTION
============

Hamstring strain is one of the most common muscle injuries in various sports ([@b3-jer-16-1-88]; [@b13-jer-16-1-88]). In the case of baseball, hamstring strain is the most common injuries in both collegiate and professional levels, and 25% of players injured hamstring had been sidelined for 1 month or longer ([@b2-jer-16-1-88]; [@b4-jer-16-1-88]). Furthermore, recurrence rate of hamstring strains has been announced to be 20% in major league baseball players ([@b2-jer-16-1-88]). There are many risk factors leading to future hamstring strain. These include reduced hamstring strength ([@b17-jer-16-1-88]) and lower hamstring to quadriceps strength ratio (H/Q ratio) ([@b13-jer-16-1-88]). Especially, H/Q ratio imbalance lowering than 0.6 can be a risk factor for athlete's noncontact leg injuries which happen during the closed kinetic movement such as base running in baseball ([@b9-jer-16-1-88]). Therefore, maintaining adequate hamstring to quadriceps strength balance could be one of the most important factors to prevent injuries related to baseball.

In baseball, trunk muscle strength is needed to maximize pitcher's performance. Pitching is a total body activity requiring continuous movements involving the trunk as well as upper and lower limbs ([@b6-jer-16-1-88]). It means that trunk plays a role to transfer energy from the lower limb to the upper limb for baseball players to make accurate pitch at fast speed ([@b23-jer-16-1-88]). Also, trunk muscle strength is significantly associated with athletic performance factors such as sprint, agility, and jump ([@b21-jer-16-1-88], [@b20-jer-16-1-88]), and these are essential abilities to baseball fielders and hitters. Moreover, trunk muscle strength is also important to prevent injuries of upper extremities. Exhibiting excessive contralateral trunk tilt (CLT) during pitching has been related to faster ball speed, however this type of movement puts a strain on the shoulder and elbow joints in adolescent baseball pitchers ([@b18-jer-16-1-88]). Deficit in trunk muscle strength has been reported to be one of the most important cause of demonstrating excessive CLT ([@b23-jer-16-1-88]). Taken together, enhancing trunk strength could help baseball players do better performance and prevent future injuries.

There are several exercise methods to improve risk factors for athletic injuries. One of them is Pilates which was created in the 1920s by Joseph Pilates ([@b12-jer-16-1-88]). It focuses on enhancing strength, flexibility, core stability, control of trunk and pelvic segments, posture and breathing ([@b10-jer-16-1-88]; [@b27-jer-16-1-88]). Because of these benefits, it has become popular with patients who suffer from chronic low back pain. It has been reported that there were significant beneficial effects of regular Pilates training on low back pain intensity by activating the deep muscles to stabilize the lumbar-pelvic region ([@b22-jer-16-1-88]) and increasing isometric trunk extension and flexion strength ([@b10-jer-16-1-88]). Considering the effects of trunk muscle strength on baseball performance and injury prevention explained above, it is likely that Pilates training could have beneficial effects on baseball players.

Many studies have reported that H/Q ratio in well-trained athletes has been improved through various exercise methods such as traditional resistance training ([@b8-jer-16-1-88]), stretching ([@b14-jer-16-1-88]), and nordic hamstring curl ([@b16-jer-16-1-88]). Also, there was a study that trunk strength has been improved through bodyweight core training ([@b20-jer-16-1-88]). However, to the best of our knowledge, there are few studies using Pilates as an exercise program in baseball players on risk factors for athletic injuries such as H/Q ratio and trunk strength. [@b6-jer-16-1-88] reported the case study on effects of Pilates training on trunk strength by measuring a double leg lowering test (DLLT). DLLT is one of the most popular methods to evaluate trunk strength for its simplicity, but there has been a problem in terms of its validity. [@b11-jer-16-1-88] reported that DLLT may be a useful method to evaluate spine stability, but it is not suitable for estimating trunk strength because of its low validity. Therefore, further studies are needed to investigate the effects of Pilates training on athletic performance related factors via more valid methods like isokinetic testing for assessing muscle strength.

The purpose of this pilot case study is to investigate whether 8-week Pilates training program in adolescent baseball players has beneficial effects on H/Q ratio, trunk strength, shoulder strength, and body composition. We expect the preliminary results to provide relevant information for designing further research and facilitating planning of the Pilates training program to athletes.

MATERIALS AND METHODS
=====================

Subjects
--------

Eight subjects were openly recruited from a convenience sample of adolescent baseball players. All of them were middle school players (ages 15 years) in Seoul, Korea. All players provided written informed consent after explanation of the study and exercise program. The study protocol was approved by the Institutional Review Board (IRB) Committee of the Korea National Sport University (IRB No. 20181214-085). The anthropometric characteristics of the subjects are shown in [Table 1](#t1-jer-16-1-88){ref-type="table"}.

Procedures
----------

One week prior to the baseline measurements, the subjects visited the laboratory for familiarization with a pretest. They were required to avoid performing any vigorous physical activity 24 hr prior to the study. Also, they were recommended to get enough sleep. To investigate the effects of the 8-week Pilates training on H/Q ratio, trunk strength, shoulder strength, and body composition, isokinetic testing and bioelectrical impedance analysis were performed. All subjects participated in Pilates program during the 8-week training period.

Pilates training program
------------------------

Pilates training program using equipment such as reformer and Cadillac is shown in [Table 2](#t2-jer-16-1-88){ref-type="table"}. During the 8-week intervention period, all subjects participated in the supervised training program for 50 min per session for 3 times a week under an instruction of Pilates expert and a supervision of an exercise physiologist. The program consists of three phases: (a) warm-up (5 min), (b) main exercise (40 min), and (c) cool-down (5 min). The intensity of the program was progressively increased by applying beginner level for 1--2 weeks, intermediate level for 3--6 weeks, and advance level for 7--8 weeks to participants ([Table 2](#t2-jer-16-1-88){ref-type="table"}).

Outcome measures
----------------

### Anthropometric measures

Anthropometric data included body weight (kg), body mass index (kg/m^2^), and muscle mass (kg) were measured using bioelectrical impedance analysis (InBody 720, Biospace, Seoul, Korea). Body weight and height presented to the nearest 0.1 kg and 0.1 cm, respectively.

### Isokinetic testing

The knee extension and flexion peak torque (PT) of each leg, trunk extension and flexion PT, and shoulder extension and flexion PT of dominant side were concentrically measured at 240°/sec (15 repetitions) using Humac NORM isokinetic dynamometers (CSMi, Stoughton, MA, USA). PT is recorded in Newton-meters (Nm). All subjects had prior exposures (2--3 testing) on the isokinetic dynamometers to familiarize them to the machine and the testing procedures.

Data analysis
-------------

Since the sample size is too small (n=8), our quantitative data is presented individually. Data were analyzed using mean change scores, with Cohen effect sizes (ES) and associated confidence limits applied to quantify magnitude of change. Data were presented as means±standard deviations. We also applied a paired *t*-test to indicate the statistical meaning of the change by using IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY, USA). Statistical significance was set at *P*\<0.05. We recognize that using the statistical analysis have limited meaning in this context, and we do not intend to deduce athlete populations from our outcomes.

RESULTS
=======

Body composition
----------------

[Fig. 1](#f1-jer-16-1-88){ref-type="fig"} demonstrates the individual responses on body composition variables between pre- and posttraining. Mean body weight was increased by 2.99±2.04 kg (*P*\<0.01; ES, 1.46). Mean left arm muscle mass was increased by 0.22±0.64 kg (*P*\<0.01; ES, 1.31), and also mean trunk muscle mass by 1.17±0.68 kg (*P*\< 0.01; ES, 1.73). Other variables (muscle mass of right arm, left and right leg) tended to increase after training, but were not statistically significant.

Isokinetic strength of knee
---------------------------

[Fig. 2](#f2-jer-16-1-88){ref-type="fig"} demonstrates the individual responses on muscle strength of knee between pre- and posttraining. Mean left and right knee flexion PT was increased by 33.74±23 Nm (*P*\<0.01; ES, 1.47) and 41.13±39.3 Nm (*P*\<0.05; ES, 1.05), respectively. Mean right knee extension PT was increased by 35.81±35.87 Nm (*P*\<0.05; ES, 1.00), and mean left knee extension PT tended to be increased by 14.81±28.59 Nm (*P*=0.19; ES, 0.52). Mean left and right leg H/Q ratio was increased by 0.09±0.06 (*P*\<0.01; ES, 1.44) and 0.07±0.05 (*P*\<0.01; ES, 1.33), respectively.

Isokinetic strength of trunk
----------------------------

[Fig. 3](#f3-jer-16-1-88){ref-type="fig"} demonstrates the individual responses on muscle strength of trunk between pre- and posttraining. Mean trunk flexion PT was increased by 31.65±36.09 Nm (*P*\<0.05; ES, 0.88), and mean trunk extension PT tended to be increased by 41.34±57.18 Nm (*P*=0.08; ES, 0.72).

Isokinetic strength of shoulder
-------------------------------

[Fig. 3](#f3-jer-16-1-88){ref-type="fig"} demonstrates the individual responses on muscle strength of shoulder of dominant side between pre- and posttraining. Mean shoulder flexion PT was increased by 15.56±11.96 Nm (*P*\<0.05; ES, 1.30), and mean shoulder extension PT tended to be increased by 12.75±16.22 Nm (*P*=0.08; ES, 0.79).

DISCUSSION
==========

To our knowledge, this is the first study to investigate whether 8-week Pilates training using reformer and Cadillac in adolescent baseball players has beneficial effects on H/Q ratio, trunk and shoulder strength, and body composition. The key findings of this pilot case study were that subjects were able to increase the muscle mass, H/Q ratio, trunk and shoulder strength via 8-week Pilates training program.

There were significant increases in left arm and trunk muscle mass between pre- and posttraining. This indicates that the Pilates training may have a beneficial effect on muscle mass in adolescent baseball players. [@b7-jer-16-1-88] compared anthropometric and performance variables in professional baseball players. According to them, the players playing in major league team had significantly higher muscle mass than the players playing in minor league team, even if they were all professional level. Also, muscle mass was significantly correlated to baseball performance such as total bases, home runs, and slugging percentage ([@b7-jer-16-1-88]). Taken together, increasing muscle mass could be an important factor for adolescent baseball players. However, most research on Pilates have studied the effects on body composition in nonthletic subjects such as sedentary adults ([@b26-jer-16-1-88], [@b25-jer-16-1-88]) or patients with nonspecific low back pain ([@b15-jer-16-1-88]). While [@b15-jer-16-1-88] did not compare muscle mass between pre- and posttraining program, significant increases were observed for muscle mass after 16 weeks of reformer Pilates program ([@b25-jer-16-1-88]) as well as 16 weeks of mat Pilates program ([@b26-jer-16-1-88]). Meanwhile, there were studies of Pilates training in healthy subjects such as baseball players ([@b6-jer-16-1-88]) and female dancers ([@b1-jer-16-1-88]), but they did not measure muscle mass related variables. Taken together, to the best of our knowledge, this is the first study to report that Pilates training significantly increased muscle mass in adolescent baseball players.

There were also significant increases in trunk and shoulder flexion strength between pre- and posttraining. According to the review paper, increasing muscular strength can enhance athletic performance and decrease the risk of athletic injuries ([@b24-jer-16-1-88]). Especially, trunk muscle strength is significantly associated with athletic performance factors like sprint, agility, and jump ([@b21-jer-16-1-88], [@b20-jer-16-1-88]), and these are essential for baseball fielders and hitters playing competitively. Moreover, trunk muscle strength is needed to maximize pitch speed via transferring energy from the lower limb to the upper limb ([@b23-jer-16-1-88]). Therefore, increasing trunk muscle strength could be essential for adolescent baseball players. It has been reported that significant beneficial effects of Pilates training on isometric trunk extension and flexion strength in patients with chronic low back pain ([@b10-jer-16-1-88]). However, these results cannot be generalized to all athletes. In another study, there were significant increases in trunk strength in baseball player after 10-week Pilates training ([@b6-jer-16-1-88]). They measured trunk strength by using DLLT, however this method has been criticized for its low validity ([@b11-jer-16-1-88]). As an isokinetic testing is considered the gold standard for measuring dynamic muscle function and strength ([@b5-jer-16-1-88]), we additionally investigated the effects of Pilates training on trunk strength by using this method. As a result, trunk flexion PT was significantly increased, and trunk extension PT also tended to be increased after 8 weeks Pilates training in adolescent baseball players.

H/Q ratio imbalance lowering than 0.6 may be a risk factor for athlete's noncontact leg injuries which can happen during the closed kinetic movement such as base running in baseball ([@b9-jer-16-1-88]). So, it is one of the most important factors to maintain adequate H/Q ratio balance for preventing injuries in baseball players. Unexpectedly, seven out of eight participants in our study had low left and right H/Q ratio at pretraining (0.51± 0.09 and 0.50±0.10, respectively). After the Pilates training, mean left H/Q ratio was increased by 0.09±0.06 (*P*\<0.01; ES, 1.44), and mean right H/Q ratio by 0.07±0.05 (*P*\<0.01; ES, 1.33). It is remarkable that left H/Q ratio changed to normal range (0.60± 0.09) and right H/Q ratio changed close to normal range (0.57± 0.07) after the Pilates training. Especially, the results are important in that they were accompanied by an increase in both knee extension and flexion strength concurrently. To the best of our knowledge, there are no data on the effects of Pilates training on H/Q ratio in baseball player. Although it was not the case of baseball players, it was reported that the H/Q ratio decreased with age, and particularly the ratio decreased sharply between 11 and 12 years old (0.82 to 0.65) in high-level youth football players ([@b19-jer-16-1-88]). While it is hard to generalize their findings to baseball players directly, it is clear that early detection of an imbalance H/Q ratio is important to avoid future hamstring injuries in adolescent players. Taken together, Pilates program could be a proper alternative to prevent an imbalance in H/Q ratio.

Our study has several limitations. First, as this study was a pilot case study including only treatment group, we cannot ensure that the results were totally due to the Pilates training. Thus, further studies should include control groups to investigate the interaction effects. Second, as we could not control team training and personal nutrition of each athlete, we cannot assure the results were completely attributable to our Pilates training program. Therefore, further studies tracking daily training volume and food intake of each athlete which might have occurred during the intervention period are needed to establish the effects of Pilates training.

In summary, the purpose of this pilot case study is to investigate whether 8 weeks Pilates training in adolescent baseball players has beneficial effects on H/Q ratio, trunk and shoulder strength, and body composition. The results from this study suggest that Pilates training may contribute to increase muscle mass, H/Q ratio, trunk and shoulder strength. Taken together, our results suggest that Pilates training may help baseball players do better performance and prevent future injuries in adolescent players.
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###### 

Participant demographics

  Participant   Sex    Age (yr)   Weight (kg)   Height (cm)   BMI (kg/m^2^)   H/Q ratio   
  ------------- ------ ---------- ------------- ------------- --------------- ----------- ------
  1             Male   15         67.5          180.2         20.8            0.40        0.43
  2             Male   15         60.2          167.7         21.4            0.55        0.50
  3             Male   15         59.5          172.6         20.0            0.67        0.70
  4             Male   15         76.0          173.6         25.2            0.49        0.51
  5             Male   15         86.4          178.0         27.3            0.42        0.39
  6             Male   15         59.9          177.3         19.1            0.53        0.50
  7             Male   15         72.8          172.5         24.5            0.45        0.42
  8             Male   15         55.3          169.0         19.4            0.59        0.57

BMI, body mass index; H/Q ratio, hamstring to quadriceps strength ratio.

###### 

Pilates training program

  Program level            Contents
  ------------------------ ------------------------------------------------------------------------------------------------------------------------
  Warm up (5 min)          BreathingHip releaseRoll-up preparationArm circles
                           
  Main exercise (40 min)   
   1--2 Weeks              Single leg stretchDouble leg stretchRolling like a ballSwimming (modification)ObliquesSpine twistSpine stretch forward
   3--4 Weeks              Roll upRolling like a ballSide bendSpine stretch forwardSide leg seriesCriss crossMermaid (modification)
   5--6 Weeks              The hundredSingle leg circlesLeg pull backLeg pull frontRoll overSide bendSpine stretch forwardSide leg series
   7--8 Weeks              The hundredSide kick: front/backSide kick: small circlesRowingSwanTeaserSide bend
                           
   Cool down (5 min)       Head nodsHip rollsBreast stroke prepCat stretch
